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Non-Lethal Defense
The Directed Energy Perspective
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Non-Lethal Defense Also Requires Integrated System Approaches
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• End-game for National Missile Defense
• SBL Team Leader

• Missile Boost Phase Intercept
• Missile kill demonstration in 2003
• ABL Prime Contractor

• Multi-mission applications
• Tactical missile defense
• Non-lethal warfare (NLW)
• Approved ATL ACTD

• National Technology
  Leader

Airborne
Laser

Space Based
Laser/Relays

Tactical
Lasers

Ground Based
Applications

Directed Energy Solutions Are Appropriate
For Many Mission Areas

Directed Energy Solutions Are Appropriate
For Many Mission Areas
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Directed Energy Provides New NLD
Capabilities and Options

Directed Energy Provides New NLD
Capabilities and Options

• DE solutions are transformational
- Speed of light
- Ultra-Precision
- Minimum collateral damage
- Lethal or non-lethal options
- Silent, invisible
- Precision targeting system contributes to SA

• Tactical DE solutions are
most adaptable to Non-Lethal Warfare/Defense
- Advanced Tactical Laser (ATL)
- Electro-optical discrimination and targeting subsystems

• Demonstrations are essential
- Mature CONOPS and enabling technologies
- To explore new applications with new users
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DE Is Transformational,
But Is It Really Non-Lethal?

DE Is Transformational,
But Is It Really Non-Lethal?
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Captures Target’s Energy

   Level      Level         Level        Level        Level       Level       Level        Level        Level         Level
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DE Effects Can Be Managed For Intentional
Lethal or Non-Lethal Engagements

DE Effects Can Be Managed For Intentional
Lethal or Non-Lethal Engagements

Laser Brightness and Dwell Time On
Target Are Key Lethality Variables
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DEW System Surveillance and Targeting
Sensors Provide SA Needed for NLD

DEW System Surveillance and Targeting
Sensors Provide SA Needed for NLD

• DEW systems employ
multi-sensor solutions
for battle management
and fire control
- Ultra-precision

stabilization and
pointing capabilities

- Cueing and targeting
sensors and algorithms

- High resolution optics

• Enhanced Situational Awareness (SA) is a DEW
byproduct that will contribute to NLD/W

Passive Sensing

Active
Sensing

HEL
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Boeing’s ATL Is A Modular, Multi-platform,
Multi-mission System

Boeing’s ATL Is A Modular, Multi-platform,
Multi-mission System

Energy Storage
•  Chemical Magazine 
•  Sealed Exhaust

Manned Control
•  Surveillance and Tracking Controls  
•  Situation Awareness
•  Battle Management/Communications
•  Laser Control

Laser/Beam Director
•  Laser Generation
•  HEL Pointing
•  Large Optics Surveillance
• Precision stabilization

Electro-chemical Regeneration
•  Recover and recycle laser “fuels”
•  Similar to recharging a car battery
Modular, roll-on, roll-off design
•  Facilitates maintenance

Airborne High
Energy Laser

Subsystem

LogisticsAirborne Targeting
Subsystem

Leverage large optics
• 40cm beam director
Passive and active
sensing options
• P3I beyond the baseline

ACTD requirements

Fuel Regeneration System
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Current Tactical HEL CONOPS Include
Non-lethal and Anti-Material Missions

Current Tactical HEL CONOPS Include
Non-lethal and Anti-Material Missions

Vehicle Disable/Stop
without damage to occupants 

Urban Operations
areas occupied by
non-combatants 

Infrastructure 
Comms, POL, Power, etc. 

•  Covert Imaging/Engagement at Stand-off 
•  Ultra-Precise Day/Night Targeting
•  Rapid Re-Engagement / Re-Targeting
•  Adjustable Delivered Force 
•  Minimal Collateral Damage
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Surface HEL Operations Are Also Feasible
ATL Mobile Ground Example Shown

Surface HEL Operations Are Also Feasible
ATL Mobile Ground Example Shown

Multiple Laser options for current
and future DEW  Systems
• Match the laser device and system 

 components to mission requirements
• Boeing develops laser technology 
(e.g. Solid State Lasers) to enhance our

system design & integration capability
• Our focus is systems, not components

Mobile ground DE systems are well
suited for high value asset defense
• Embassies, DoD/DoE installations, etc.
• HEL and HPM integration for range of

 responses, combined effects
• Highly integrated sensing and 
acquisition, tracking and pointing (ATP)

subsystems are required

ATL COIL
Demonstrator Zeus SSL
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:

HACSAW Concept Fits NLD Needs
High-value Area Control Surveillance And Weapon System

HACSAW Concept Fits NLD Needs
High-value Area Control Surveillance And Weapon System

• Portable integrated Laser/Microwave/Sensor defense system for high value
assets and areas - Ports, base camps, embassies, sensitive sites

• Laser and Microwave Weapons Element for non-lethal & lethal effects
• Integrated active/passive Sensor System for Fire Control and BMC4I
• Ultra-precision, instantaneous, silent, invisible attack using available technology

Sensor Net

Microwave
Laser
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Amphibious 
Assault

Defense Against
Land Attack

Cruise Missiles

Anti-Ship Missile
Force Defense

Ballistic
Threats

Above the 
Horizon

Self-Defense
Against SAMs

  (Escort Mission)

 Special Ops

Ultra-Precision
Silent Warfare

Boeing Performed Detailed Mission Analysis for ATL
Same Needs To Be Done For Other NLD Applications
Boeing Performed Detailed Mission Analysis for ATL
Same Needs To Be Done For Other NLD Applications



Laser & Electro Optical Systems 1313

Range
Timelines

Mission
Parameters

Kinematics
Vulnerability

Thermal
Reflectivity

Signatures

Target
Parameters

Transmission

         (λ)
Turbulance
(λ,Cn2,σχ2,ro, θo,fG,fT)

Propagation
Parameters

Platform
Parameters

Radiometrics
(Tilt / H.O.)
Control Loop
(transfer fn.)

Target
Loop

Control Loop
(transfer fn.)
Power, BQ

Local
Loop

System
Parameters

SPEAR
Strehl Performance Evaluator

for the
Assignment of Requirements

Spear is a key element to rapid
Design Trades when the initial sizing
of the system is key (Cost and
Performance)

IPT TPM List
TPP T P M Value Margin @ 0 Margin Units

Range reach m

Flux on  aimpoint
(Brightness*)

W/cm2

Beam power* W

Beam diameter* m

Beam WFE* Waves ,
s t r e h l

Beam LOS jitter* n r , 
s t r e h l

A im point
maintenance

m

Timeline
(RD/TMD target)

s

Target cueing s

SV orbit m/°

LV throw weight k g

SV weight margin k g

SV slew s

Fire control timeline s

Laser dwell time s

AllocatedSystem TPM List (allocation)
T P P TPM Value Margin @ 0 Margin Units

Range reach m

Flux on aimpoint
(Brightness*)

W/cm2

Beam power* W

Beam diameter* m

Beam WFE* Waves,
strehl

Beam LOS jitter* nr , 
strehl

Aim point
maintenance

m

Timeline
(RD/TMD target)

s

Target cueing s

SV orb i t m/°

LV throw weight kg

SV weight margin kg

SV slew s

Fire control timeline s

Laser dwell time s

Allocated

1998 2008

10

15

2000 2002 2004 2006 2010
Year

Low

Medium

High

SRRSFRRPDRCDR Hot
Fire Test

LaunchSpace Qual

1
2

3
4

5

Actual
Plan

Risk Mitigation Plans

Risk Assessment

Performance Analysis

Impact Evaluation

N
or

m
al

iz
ed

 S
tr

eh
l

0

1

2

3

4

5

Test
Engagement
Range

Requirement

Design Capability

Range

Margin
0

0 . 1

0 . 2

0 . 3

0 . 4

0 . 5

0 . 6

0 . 7

0 . 8

0 . 9

1

R
I

S
K

 
W

E
I

G
H

T
I

N
G

 

TARGET LOOP
PHASING AND

J I T T E R

LOCAL LOOP
BEAM QUALITY

PRECISION LINE OF
SIGHT CONTROL

P O W E R
GENERATION

COARSE
ACQUISITION AND

HARDBODY
HANDOVER

ALL OTHER
FUNCTION

F U N C T I O N A L  R I S K S

TPM TRACKING

 S
tr

eh
l

0

1

2

3

4

5

Test Engagement
Range

Requirement

Range

TRD

Design To Requirement

SRR     SDR      PDR             CDR

T
P

M

THRESHOLD

Mission Architecture and Design to Requirements

Define Customer Objectives

Functional Decomposition ,Perfromance Allocation and HW WBS

T R D T R D T R D

B u d g e t  A l o n g  T a r g e t

F a r  F i e l d  S p o t  D i a m .

T P P T e c h n i c a l  P e r f o r m a n c e  P a r a m e t e r
R R e q u i r e m e n t  o r  E r r o r  B u d g e t ,  A l l o c a t e d  T o p - D o w n

P P r o j e c t i o n ,  C a p a b i l i t y ,  E s t i m a t e d  V a l u e ,  D e r i v e d  B o t t o m - u p
∆ P U n c e r t a i n t y  i n  t h e  P

i n  C o n t r o l

E l e m e n t  T P M

T P M

T P M

T P M

A v a i l a b i l i t y

k m   

B r i g h t n e s s

B e a m  C o n t r o l

T P M C o m p o n e n t  T P M

P r o b a b i l i t y  o f

p e r c e n t

L E G E N D

K e y  P e r f o r m a n c e  P a r a m e t e r

S y s t e m  T P M

S e g m e n t  T P M

K P P

c m   

c m   

T a r g e t  R o l l

F a r  F i e l d  S p o t  D i a m .
C r o s s  T a r g e t

o n  T a r g e t
V u l n e r a b l e  A r e a

L e n g t h  o f

w a t t s / c m 2   

D i a m e t e r

>  0 . 7 5

c m   

A n g l e  ( I n i t i a t i o n )

< 3   d e g r e e s

A t m o s p h e r i c
T r a n s m i s s i o n

<  2 %

o n  T a r g e t

j o u l e s / c m 2   

a t  L a s e  I n i t i a t i o n
R a n g e  t o  T a r g e t

k m   

c m   

S p o t  S i z e

c m     

M i s s  D i s t a n c e

B u d g e t s

~  0  d e g r e e s / s e c

T a r g e t  R o l l

~  0  d e g r e e s / s e c

A l o n g  T a r g e t
A i m p o i n t  D r i f t ,  n r a d s / s e c

E n g a g e m e n t

E d g e  I r r a d i a n c e
I n c i d e n tM i n i m u m

F l u e n c e  a t  E d g e
o f  T e a r

C r o s s  T a r g e t

S p a t i a l  W i n d o w

H o l d  T i m e
A t  R e a d y

F l y o u t  T i m e

T e m p o r a l  W i n d o w
o f  O p p o r t u n i t y

T i m e - o f - L a u n c h
D i s p e r s i o n

A v a i l a b i l i t y

L a s e r  P a y l o a d
A v a i l a b i l i t y

P a y l o a d

A v a i l a b i l i t y
S p a c e c r a f t

T a r g e t  S p a t i a l
F e a t u r e s

H u m a n
V e l o c i t y

k m / s e c   

P o i n t - A h e a d

T a r g e t

R P

k m   

B e a m  D i r e c t o r
A v a i l a b i l i t y

P a r a m e t e r  ( T P P )

A i m p o i n t  S e l e c t i o n
T i m e ,  s e c s

o f  O p p o r t u n i t y

F l y o u t  L o c a t i o n
D i s p e r s i o n

D i s p e r s i o n

T a r g e t  R e a d i n e s s

T a r g e t

p e r c e n t   

s e c s   

S y s t e mI F X  S y s t e m

S p a c e  S e g m e n t

G r o u n d  S e g m e n tT a r g e t  F l y o u t

T a r g e t

A i m p o i n t  D r i f t ,  n r a d s / s e c

∆ R ∆P

E a c h  n o d e  o n  t r e e

p e r c e n t   

d e g r e e s

A s p e c t  A n g l e  D e l t a
D u r i n g  E n g a g e m e n t

R a n g e  D e l t a

A v a i l a b i l i t y

s e c s   

s e c s   

c m   

o f  T a r g e t

L e n g t h

c m   

p e r c e n t   

p e r c e n t   

p e r c e n t   

p e r c e n t   

p e r c e n t   

p e r c e n t   

p e r c e n t   

A n g l e

d e g r e e s

R a n g e  t o  T a r g e t
a t  A c q  I n i t i a t i o n

F e a t u r e s

A n g u l a r  D i s p l a c e m e n t

a t  I n i t i a t i o n

d e g r e e s

f r o m  T a r g e t  N o s e

d e g r e e s   k m   

D u r i n g  E n g a g e m e n t

T a r g e t  A s p e c t  A n g l eT a r g e t  S p e c t r a l

P l u m e

&  E m i s s i v i t y

c m   

D i a m e t e r
o f  T a r g e t

c m   

L e n g t h  o f
V u l n e r a b l e  A r e a

B M / C 3  T i p - o f f
( S / C  S l e w  T i m e ) ,  s e c s

T a r g e t F i r e  C o n t r o l

T a r g e t i n g

C o a r s e
A c q u i s i t i o n  T i m e ,  s e c s

F i n e
A c q u i s i t i o n  T i m e ,  s e c s

H B H O
T i m e ,  s e c s

T a r g e t  I l l u m i n a t i o n
T i m e ,  s e c s

F i n e  T r a c k
T i m e ,  s e c s

A c q  &  T r k

C r o s s  T a r g e t
A i m p o i n t  O f f s e t ,  n r a d s

C r o s s  T a r g e t

T a r g e t

Kill

A l o n g  T a r g e t
A i m p o i n t  E r r o r s

A l o n g  T a r g e t
A i m p o i n t  O f f s e t ,  n r a d s

N o t e  1

c

d

f

N o t e  1:   P r o b a b i l i t y  o f  M e e t i n g  I F X  P r o g r a m  O b j e c t i v e s .  O t h e r  p r o b a b i l i t i e s  i n c l u d e :
                    -  P r o b a b i l i t y  R e q u i r e m e n t s  a r e  C o m p l e t e  a n d  C o r r e c t .                    -  P r o b a b i l i t y  T e c h n o l o g y  D e v e l o p m e n t  R e d u c e s  R i s k  a s  P l a n n e d .
                    -  P r o b a b i l i t y  C o n f i g u r a t i o n  I t e m s  ( e . g .  H W / S W )  M e e t  R e q u i r e m e n t s .
                    -  P r o b a b i l i t y  t h e  S B L  M o d e l s  a r e  S u c c e s s f u l l y  V a l i d a t e d .
N o t e  2 :  O v e r l a p  i n t e g r a l  b e t w e e n  t i m e  e n v e l o p e s  o f  a v a i l a b i l i t y  f o r  t a r g e t  a n d  s y s t e m .

N o t e  3 :  I n  f i r s t  o r d e r  t h i s  i s  a n  E r r o r  F u n c t i o n  i n t e g r a l  w i t h  t h e  " s i g m a "  b e i n g  t h e  r s s
                    o f  u n c e r t a i n t i e s  i n  t a r g e t  a n d  t h e  s y s t e m  r o l l - u p s ,  a n d  t h e  m a r g i n  b e i n g
                    a  c a l c u l a t e d  n u m b e r  o f  " s i g m a s " .
N o t e  4 :  T a r g e t  r o l l  m i n i m i z e d  t h r o u g h  e x p e r i m e n t  d e s i g n .  R e s i d u a l s  a r e  b o o k - k e p t
                      i n  t h e  c r o s s - t a r g e t  d r i f t  e r r o r .

P r o b a b i l i t yo f  K i l l

( G i v e n  A c q
a n d  T r k )

R a n g e

1 . 0

0 . 5

o f
E x p e r i m e n t
O p p o r t u n i t y

( ? ? ? ? )

E l e m e n t  M T B F ' s

1 . 0

0 . 5

D e s i g n - t oM T B F ' s

D e s i g n - t o  R a n g e

P r o b a b i l i t yo f  A c q  &  T r k

R a n g e

1 . 0

0 . 5

D e s i g n - t o  R a n g e

N o t e  4

N o t e  2

R
E

Q
U

IR
E

M
E

N
T 

FL
O

W
D

O
W

N
 F

R
O

M
 T

R
D

F
E

A
S

IB
IL

IT
Y

 A
S

S
E

S
S

M
E

N
T

Functional Risk Identification to
Performance Measures Risk and Performance Tracking 
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Concept

• Use Rates
• Timelines
• Reliability
• Maintainability
• Modularity
• Consumption Rates

• Deployment Quantities
• Performance Rqmt’s
• Physical Attributes
• Complexities

Estimating
Ground Rules

• Life Cycle Cost Model
–  Engineering,

      and Manufacturing,
     Development

–  Production
–  Operation and 
    Support

Cost
Estimating
Relationships

Performance

HEL
Architecture

Methods

Best
Affordable

HEL
Arch.

• Program Task Desc
• Boeing Standard Practices

• Past Programs and Reports
• Supplier Data & Leveraging Commercial Practices
• Expert Reporting & Prediction
• On-Going Research Programs

Validated DE System Level Tools Can Be
Applied to Emerging NLW/NLD Needs

Validated DE System Level Tools Can Be
Applied to Emerging NLW/NLD Needs

ATP/Control System 
& Sensors

DEW 
Requirements

Integrated System Risk Assessment 
CEIT - Integrated Cost and Performance (Parametric)
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SummarySummary

• Boeing believes in DE systems for
multiple mission applications
- Missile defense, strike, NLW

• Non-lethal applications are natural for DE
due to intrinsic characteristics
- Ultra-precision, variable lethality, unobtrusive

• DE system engineering is needed for NLD
- Requires experienced people, validated tools

• Current DoD programs, e.g., ATL can be
leveraged for NLD


